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© METHOD AND DEVICE FOR OPTICAL EXPOSURE. 



£.1 of n / device for transferring minute patterns <12) on the mask (11) to the substratum (17) by 

nrnfr^lnn 1 nn' h"^- '^"'^"^ ^'''^^ ''^^^^^'"^ ^'"^"^^ illuminating light onto the mask (11) and a 

projection a igner having a projection optical system (13) for projecting images of minute patterns (12) on the 

the m^ Hi 7^^^ °' -id illuminating light are thrown, as at least a pair of luminous fItSes sfantwise facing 
he mask (11). through a pair of hght transmitting windows (6a. 6b) of a spatial filter (6) onto the minute patterns 
(12). and as a resuj . o^e of diffracted beams of the light of ± first orders caused by minute patterns (%) of the 
Sri! . TtH ^ ' '?.^ ^'"^'""'^^ ^"""^^ °' ^"^^ P^^'^"^' equidistantly spaced apart from he 

t^t^LT^^1 •'''f ""P**^^' "^"^ '""^ '^^"^^^ ''^^^^'^ <14) in the projection o^cLl 

contrast and high in resolution on the substratum (1 7) at a large focal depth. 
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The present invention relates to an exoosum 
projection exposure method and amuTuse^^^^^ t^'P^^^^^ ^^'^ particularly to a 

s memory devices and l.quid crystal deS h^^^^^^^^ semiconductor 

[ Background Art] 

case the illuminating light for exposure pu^es' eT Jrlvloiett?^^^ used. In this 

a photosensitive resist layer formed on its slrZ ^^ou^^ ll ? '^J"^"^'^^^ <he substrate having 
mask pattern is photographically transferred onrthe Srat^ ' ^^"^"^ ♦^"^ ♦''^ 

^c'SnTrnsTd'^.J ;S..rgraS":tte: ^^^^^'^^^^ — ry devices. ,i,uid crystal devices 
intervals. In other words, in ZZlC^JTZ Z^^Tr^tT"' " '''''''' ^ 

grating pattern composed of equany-soaced TanLrL* o h * P^"*'" ^''^a is formed with a 

the X-directlon and/or the Y-di?e^on to^l^ftHr^^^^ alternately arranged in 

the substrate and the other arrffforme J" "^^^^^^^ ^'^^ -n L formid on 

20 any case any oblique pattern is excepbonal comparafvely low degree of fineness. Also, in 

the rXiioTorfS TX^i^^J^T.-"^:!^^^^^ ^^^^ — -aracten-c so that 
whereas practically the ohemj chan^i d^notT^^^i 1^^^^^^^ *° P^°^««d '^P'^'V- 

th.s level. As a result, there is a bacJgroL SarwirL ornil^f T"*"" °' '^"'^^ than 
>s substrate, if the difference in light qua^uj, betw^n Je^nhfTin ! J""^^^ °' '"^^'^ °" the 

even if the contrast of the boundary betwL tJl L fL^JIr J ^"^"^^'^ satisfactorily, 

resist Image as the mask pattern can be obtarned " '""^^ °' <he desired 

davi^ p^SeX-'^sr ara^n^^^^^^^ -mories and liquid cryst. 

0 by reduction projection have been used CenCani a T"? ' ^ ^"bsTrate 

wavelength and narrow in wavelengh distribution rrL h« !■ ""^^'^'^t "ght which is shorter in 

nght. in this case, the reason for^edurg he 3enn.h r^,.T« '""^ ^'^^'^''^^ iHuminaUng 

deterioration in the Image quality of a proierted imtn^T. 1^"°" '^^^ '^"^^^ eliminating any 
optical system in the exJosSre ^ paratus and ?.e ^aL„ ^ i^' aberrations of the projLoJ 

' the contrast of the projected image. However .hi "...tf^T^ ^"^^r wavelength is to enhance 

through the projection optical system Z d?i^!^^ conjugate points on the substrate for imaging 

higher-orders are further increased n diff^^^^^^^^ °' ^ * * ^"^-orders Jnd 

and are incident on the substrate at sma^ rrgKrlSeTer^^ ''^^ ^ «>-°'<'er 

that the focus depth of the projected im^Tf dS^i^J^TreTv "T""' ^'^'"^ « P^°t>lem 

supplied only to a portion of the thickness of^he resij^^ll^^f ^ " ^ ""^^^"^ ^''P*'^"^^ ^''^'^V 

concentrically with the optical axis of each of^ i| umS^f °' ™9'"9 a" «Perture stop 

to restrict the angles of incidence of anmZ,^nal^^^n T . ^ ^ P^'^''"^" "P^'^^' ^/stem 

the aperture stops in accordance wlt^a mrsHSl iilL""^ '"^^ °P«"'"9 ^^-^^te^s of 

the light-and-dark contrast of a projected .r^age on ^ Tamote t?Z'"f "l" '^^P'" "maintaining 
method, however, the diffraction angles of dif^^tS ^ TZ^ZSl^^^ 
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large as compared with a 0-order diffracted beam reaching substantially vertically to the surface of a 
substrate and practically al! of them come out of the field of view of a projection lens, thereby producing on 
the substrate only a projected mask pattern image composed by substantially only the 0-order beam 
component and having a weak contrast. 
5 Also, while, in this case, there is the p>os$ib((ity of a part of the ± first-order diffi'acted beams coming 
within the field of view of the projection lens and reaching the substrate, in contrast to the 0-order diffracted 
t>eam incident substantially vertically on the substrate, the part of the t first-order diffracted beams is 
incident on the substrate at a smaller angle and therefore it is pointed out that a satisfactory focus depth is 
still not obtainable. 

10 On the other hand, U.S. Patent No. 4,947,413 granted to T. E. Jewell et ad discloses a lithography 
system in which an off-axis illumination light source is used and an interference the 0-order diffracted beam 
and only one of the ± first-order beams from a mask pattern is made possible by use of a spatial filter 
processing in the Fourier transform plane within a projection optica! system, thereby forming a high-contrast 
projected pattern image on the substrate with a high degree of resolution. With this system, however, the 

15 illumination light source must be arranged in an off-axis position in which it is obliquely directed to the 
mask, and also due to frie fact that the 0-order diffracted beam and only one of the ± first-order diffracted 
beams are simply caused to interfer with each other, the dark-and-fight contrast of the edges in the pattern 
image resulting from the interference is still unsatisfactory due to the unbalanced light quantity difference 
between the 0-order diffracted beam and the first-order diffracted beam, 

20 

[ Disclosure of Invention] 

It is an object of the present invention to provide a projection exposure method and apparatus so 
designed that a projected image having a sufficient light-and-dark contrast is produced with a large focus 

25 depth on a substrate from the fine mask pattern of the ordinary mask having no phase shifting means, and 
more particularly it is an object of the invention to positively utilize the fact that the illuminating light has a 
narrow wavelength distribution, that the mask pattern can be substantially considered to be a diffraction 
grating, that the resist materia! has a non-linear light responsive characteristic for the amount of light 
received and so on as mentioned previously so as to form a resist image of a finer mask pattern for the 

30 same wavelength of the illuminating light. 

In accordance with a basic idea of the present invention, when using an exposure apparatus including 
an illumination optical system for illuminating a mask formed at least partially with a fine pattern with an 
illuminating light and a projection optical system for projecting an image of the illuminated fine pattern on a 
substrate so as to transfer the fine pattern of the mask on the substrate, the illuminating light is directed 

35 from at feast two locations to fall on the mask with given angles of incidence in an obliquely opposing 
manner so that the 0-order diffracted beam and either one of ± first-order diffracted t>eams produced from 
the fine pattern by each of the obliquely illuminating beams are respectively passed through optical paths 
which are substantially equidistant from the optical axis of the projection optical system at or in the vicinity 
of the Fourier transform plane within the projection optical system with respect to the fine pattern on the 

40 mask, thereby forming on the substrate a projected image of the fine pattern principally by either of the t 
first-order diffracted beams and the 0-order diffracted beam. In this case, the other undesired beams 
excluding either of the ± first-order diffracted beams and the 0-order diffracted beam do not substantially 
reach the substrate. As optical means for this purpose, principally spatial filter means is an-anged In the 
illumination optical system and/or the projection optical system. Also, the illumination optical system can be 

45 constructed so as to direct the illuminating light along its optical axis and the illumination optical system 
includes an optical element, e.g., condenser lens means arranged on this side of the mask such that the 
illuminating light falls at the given angles of incidence on the mask. 

An exposure apparatus according to a preferred aspect of the present invention includes an illumination 
optical system for irradiating an illuminating light on a mask, a projection optical system for projecting an 

60 image of the fine pattern on the illuminated mask onto a substrate and spatial fitter means arranged at or in 
the vicinity of the Fourier transform plane within the illumination optical system and/or the projection optical 
system with respect to the fine pattern on the mask, and the spatial filter means includes at least two 
window means which are each defined by an independent limited area having a comparatively higher light 
transmittance than the surrounding at a position apart from the optical axis of the illumination optical system 

»5 and/or the projection optical system in which it is arranged. The Fourier transform plane at which the spatial 
filter means is arranged is placed for example in a position that is practically in the pupil plane of the 
illumination optical system, the conjugate plane to the aforesaid pupil plane or the pupil plane of the 
projection optical system, and the spatial filter means can be arranged at least in one of these positions. 

4 
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•n accordance with the nr«^„f "angea in a position near 

'"eans is generafly forld Is a 'T""'""' ''^ P"'*'^" spatial filter mean, . 

substantially 0% or so or !1 . °' a light shieldino nn^ l ! ^ excluding the window 

trans^ittani w^c'ts^^i: ra^rSoVrh'""!? " ^ "O^^ atti^X'po^ontZ fr'"-- ''^ 
'5 In accordance with ano,fh2 "^eans- ^ ^ Predetermined light 

the illumination optiS systl °' ^^^^^^^ "'^^"fon. the spatial filter 

the * first-order diffracted ^t ^"*^ °* «^ ^'"^ov. means ^fL "lH'^"t "'^""9^^ '-^in 

respectively passed t^rouah n^r ^"'^ ^'^^''^^ *ffracted beam du« t of 

Of the projection oo^^^t^^ T ''^''^ Practically apart by thT .nZ, L T^"^ '"^ans are 

pattern by the JradiaJfon If fh f ''^^"'^ <he 0-orS7i^l,li L '''"^'^'^^ "^^^'s. i e.. 

and another two dSld k '"uminating ijgh, beam reacS the mai!''.^ ^""^ P""*"^^^ '"'"^ the fine 

^.ffracted beam Vod^redtomrti °' ^''^ * "-o^drc^f^^^r bea^m^' Tr ""^^^ 

mask through the second winHn ''^ Irradiation of the illumin! , ^ "-order 

- paths Which ar. apTrt by ^^^XThT' P-««c, tVrouJ TJ "^^'""^ 

at or positions near to the Founlr T T^' "^'^^""^ '^""^ the optical Ss o?^! t ^"^ "P"*'^ 
diffracted beams I e either „ . t^^form plane within the oroie^i^ I Projection optical system 

firs, Window rnel t,d IV^der ' '"^"^''^^ ^'ffracted be^^^^du; to'^e nr^'"^' 

means are for example cL^ l' '^''^^'^'^ d"e to the illuiJ^na«no 11^ J T^''"^ ^""^ the 

- beams due to the H.umlnrnngSrfuo^^^ ^ o e^^*^^^^^^^^ second window 
to .e illuminating light throu^gh t ^w e^prp^dr- 

In accordance with another ore,«r. h ^"^^ °P«^^ 

0 --hnii2;:-s — — mdudes 

or switching pu^sTs vJhll^if ^''^ ««<=ordance with ZTZ ""^^"^ °P«<^ axis 

Plate including a^lStT^f ^'^'^^ compr^s a Lht °" '^^ "^^^"^ '^^ adjusUng 

Shielding p,at? orte X j""'"'^ '"ea^s c^l'riiS* t'^'t"^ P'^»« °^ «9ht attenuating 

the spaL' filter rajf^:,;::;;'^^ Plate with one having v^ndTmeVns aT^Sr/" "^''t 

rr ~co-- -rs:r^ a::?c^^^^^^^ 

apparatus of the presenn^emion sll'- T """^ coZTlT'''''^'' "^^'^^^^ 

with specified directions and loin! f ^'^ illuminating light wWch T.T;.^ Projection exposure 

right angles so that eLTr oTf ! *® ^iven positions within a nS^l ^Jf °" ^ '"ask pattern 
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h„ i^^K®,.^" . °' '''^ - fi^st-order diffracted beams and the O-order diffracted 

beam by each Mlummating beam are mainly selected from the Illuminating light by the spatN fSte ™ 

Ss dapt!;' "^'•"""'-^^^'^ °' °' pattern than previously and whTch istge in 

In this connection, there are the following two methods for the application of the spatial filter mean, 
accordmg to the present invention. More specifically, the first method is such that the Smlt no iSht is 
nteroepted or attenuated at a portion of its beam cross-section on this side of the mask so7s ?rsele?ras 
TomTach o, r'"^'"^ "'""'"'''"9 ^'^''^^^'^^ -ith the specified d!re^on an?Snl 

purpoJrL spatiaTi^^^^^^ the plane Intersecting the optical axis S right angles. and Jor^S 

purpose the spatial filter means is arranged at the Fourier transform plane within the illumination or^tirai 
system or a position rear thereto. The second method is such that of the var^us dTflacted blm 
componente produced from the mask pattern Illuminated by the illuminating light orvarbus analesTf 

SrS'beam n?or"';r"' " °' '^^ ' ^^^-^^^ diffraLd^eaL and th^ SSde 

diffracted beam produced from the mask pattern by each of the illuminating beams incident obliquel^wim 

me given directions and angles from the given positions within the plane intersecting the optical Ssl^roM 
angles are selected within the projection optical system, and for this purpose the spaSS ^0^17^ 
arranged at the Fourier transform plane within the projection optical system or a position near thereti 
These first and second methods may be used in combination and in any way the spatia^f er means series 
TI T, ! "^""^ "'^ ''^^'"^ participating in the formation of a projected patte n imloe onTe 

r masV n«rr T °' ^ "'"'"^^^'^ O-order diffracted bel pZceS fror^ 

Sina^n^ «nnT ^ °' illuminating beams which are incident obliquely with tSe speci S 

T T . Pr«"»'"9 °ther undesired beams from reaching the substrate. 
Where the spatial filter means Is arranged at the Fourier transform plane within the illumination onticai 

«roi2.ri "'^"^ °' ^y^^'^ °' P^^fons near thereto !r^J^9 S>SonS 

pro ecbon exposure apparatus, however, the secondorders and higher-orders diffracted beams 2^6^^ 
by the lens tube of the projection optical system. o'nractea beams are eclipsed 

n nn?« J^'f ^' T^""^ ^'''"^^'^ transform plane within the illumination optical system or 

orders and higher-orders are not desired, another spatial flHer means VSfprored Jt The 

: w Lf : high-contrast projected pattern image is fomied on the substrate bv the O^rdZ 

zr:t^..'ZJ::tz:rj:^z:;^r^ ----^ - " - 

m^nr'^lot*^ ""r" "^"^'"^ semiconductor memory devices and liquid crystal devices there are 
many cases where the portion of the mask pattern requiring a high-resolution transfer SS' l oitern 
Z^^l" ff rl"" ""'^'^ "^^'^^"^ equispaced ' ansp^nt and opaqTl L^e reS J 

the grating pattern, a series of spots of the diffracted beams of the O-order * first-order, ! c^.„h I 

Snl'teHt: T'T^r. "'-^ °' the^pC«o;"oXfsyst;mTa?rbe 

fSngeS ;?,,^?s^*^i;L^^ °' •^'^ (^^^e direction in wMch the ifne are 

ttT^oSer iiL Jln ; "ke /"anner known as the ordinary Fourier expansion of a rectangular wave 

Also, in thi, cs» ih, otdln,n, muk palt#,n (of semlconducB, memo^, dovlcos and liquid cryatf 
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devices can be considered lo be a connbination of a plurality of gratings which are respectively arranged 
vert cany or t-aversely on the mask so that If spatial filter means is prepared so as to ensure Illuri naSnq 
light beams having the optimum eccentric positions in the angular directions about the optical ax sTnd Se 
optimum angles of incidence for each grating, the resulting Fourier pattern formed at the Fouri^^Transforr^ 
plane of the projection opUcal system forms a spot group arranged in the angular directions cor esSndTno 
to the line arranging direcUons of the gratings and having the spacings corresponding to the waTeLngth of 

the T P'''^' °' "9^* '"'-^"V of each spot is dependent on 

the number of pitches of the gratings and the orders of the diffracted beams 

SYstoiToaSlX m«^n'J1 ^^.^""^ "e obtained by arranging within the projection optical 

SToS! T , '"^^^ ^* P°si«°"s corresponding to the required 

spot positions so as to select the diffracted beams directed to the substrate. In this case the spatial f fer 
means arranged at the Fourier transform plane or a position near thereto includes the window meanrLt he 
spot positions of the useful diffracted beams in the Fourier transform plane so that the usefurdiJrac ed 

.tco^rst^trs^^Lst^^^^^ '""'"^ """"^^ '"^'-'^^ 

th« m«l' ^H2rr^^\^!' '!°"'*'u"* °* '^'"''"'''^ '" ^^^ ^P^*'^' Inherently differ depending on 

.jLwl r « ? "^^^ *^^P^«^' "^^^"s 'hanged in companj 

Ne)d. a descnpuon will be made of the reason why the focus depth is increased by projecting the 
Hluminatmg light beams of the given angles of incidence onto the mask pattern from the giVen^centric 
posmons in the given angular directions about the optical axis and forming an imaged paSerHn Se 
substrate by means of either one of the i flrst^order diffracted beams and the 0-order d5f^2 ed bear^ 
produced from the mask pattern by each of the Illuminating light beams oiirractea beam 

iho Sr^lf'^'K*'*'®'* substrate is in registration with the focal position of the projection optical system 

Snt ' ,K °' ""^'P^*^'^^ """^'^ ^"^^^ ^"'^'^^ fr^"' P"'"' on *e mask and ^each one 

point on the substrate are all equal in optical path length irrespective of the portions of the proj^tion opt^ 
system hrough which they pass so that even in cases where the 0-order diffracted beam olSs throuS 
practjcany the center of the pupil plane of the projection optical system, the 0-orderdiSracTedTear^ and the 
drifrac^ed beams of the other orders are equal in optical path length and. with the optical path length o1 the 
hght beam passing parctically the center of the Fourier transform plane being taken as a reference the 
difference between the optical path length of the light beam passing through any arbitrary poSon oi Z 
Fourier transform plane and the reference optical path length or the front wave aberration Is zero W^ere he 
substrate IS ,n a defocus position which is not In registration with the focal position of theyj^tT optiS 
system however, the optical path length of the diffracted beam having any of the first aSd higher o?S 
System ^f^r °^7t°-°"'«:-P«"P'^«nr portion of the Fourier transform plane within the projection oS 
Snn L 'h ''"t^ '^"^ '''^'"^'^ ^ ^-^P^^^^ '^"►^ 0-order diffracted beam 

fr^T nni„7°nH * ''^"^^ '''^"^ ""^^'""^ i« Positioned before the 

^L'^Zl ^iTt iT""' " ""^"^""^ " '"""^^'^ ^-^o ^"bstrafe Is positioned 

in the rear of the focal point and the amount of defocus is positive; this difference in optical path length has 

c/Z r^^!^r J '° *''«^'I'ff«^«noe in angle of incidence on the substrate between the diffracted 
of the respective orders and this is referred to as the front wave aberration due to the defocus Inl^r 
words, due to the presence of such defocus. each of the diffracted beams of the first and highe oSers 
fir .H " ^"^P"^ *° '^'"^^^^^ b^^'" the Imaged pattern in eler 

JiuS " "^'^ ^ ^ Siven by the following 



A W = 1/2 X (NAf • A f 
where 

A f = the amount of defocus 



NA 



= the value of the distance from the center in the Fourier transform plane given in terms of the 
numerical aperture. i«>Mi* 

AS a result, in relation to the 0-order diffracted beam ( A W = 0 ) passing through practically the center of 
fte Founer transform plane, the first-order diffracted beam passing through the posLn of a radius r? nea 
the outer periphery of the Fourier transform plane has the following front wave aberration 



A W = 1/2 X ri^ X A f 
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10 



passed through the eccentric JosTt.'onr(hSi Jhe ""^"^ '"^'^^"^ ^« respectivery 

symmetry in the Fourier tranSorm Se Srthe nrl.?v,''''r^ °' substantially the central 

exposure apparatus of the p^sent inLIn th^ . projection optical system. As a result, in the case of the 

beam and tSe first^Ser SffSd bZs SoreVnTlr^^^ '^^ diffracted 

are both given as follows ^ ^^'^ t^e projection opUcal system 



A W = 1/2 X ra* A f 



45 



60 
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-5 rn,:r abeTatrdu^ S defl^uJ Sl^Je^'orr'? T °* '''^ ^^"^ ''V the 

On the other hand, where tL sS f Jtt ml^^ "^'^ *'^crease6 focus depth is obtained, 

pair of the illuminating ight teams SS^ hlnh Z -^Ti^ ''^ illumination optical system, a 

axis take the form of light birs which arr ncW.^^ ^ ^'"''"'^ 'y'"'"^'"'^ ^'^^^ °P«cal 

both side of the norma? so STeaTh one of thTHr^i" Ih' '"h^' '^''T^ ""'^ symmetrically on 

0 pattern on the mask by these Haht hLm. ° "^st-order diffracted beams produced from tee grating 

beam with respeS to the opllfaLi^^^^^^^^^^ -"^ ''^^ 0-order diff'acteS 

of incidence as large as thT, ^fth^ o^r^er dZ^ Jh°'' °" ''^^ ^"''^^^^'^ ^HQle 

Of the projection o^ptica. systemriSX^tri^ag- Jed Te^d ^er^ r:i7a^~:: 

produced from the fine paSm ri^asl bv .h« m ' ""^ '"^^ °' d'"'^*^'^*' "earns 

incidence the diffracted beamTof irLferrL I ^ " """'"f^g "flht beams of the preferred angles of 

diffracted beams are selSylnZ^STthe s^^^^^^^ f """T '"'^"'^'^'^ ^"'^ 

' Of such fine pattern which has neve" te^reltej^^^ ' '""'^'^'^ 

light-and-dark contrast and a satisfactoX lar^ f!,r, c f *° « satisfactory 

pattern on the substrate withouranTchana Jo^tL m T ^ ^^"*'«^'"9 '^^^ resist layer in the imaged 

Where the spatial fiire Teans is ^r^^^^^^^^ '"^ "P^'^^' ^V^^em. 

the pair of windows in he s^ ifm^^^^^^^^ ^^^-^'^^ 

produced from the fine gratfng pattern 0^!^ mask bv ! t * "'"^^'^'^ ''^^"'^ 

windows and the 0-order diffract«ri hLrl ^ . Uluminabng light passing through one of the 

window are passed th ouLh s^Stiain/ fnn" "V*'^ "9'^' ^^^^'"9 ^^"S'^ the othe' 

projection optical system ""'""'^""^''^ ^"^^ «'^«"'^«^ Position in the Fourier transform plane of the 

diffracted beams and the 0-order Sracted team nrS.ln f ^ T"^' '''^ ^'"'^^ ' "'^'^^^e-- 

each Of the illuminating teamfof tte saTd p^?e7red^^^^^ ''"^ ^'^""^ P^"^"' °' "^^^k by 

separate eccentric positions °* '"'^'^'^^^^ respectively passed through 

used"soTaUte s'pS SlTersTsTtlTZ' 'h' ''^T ' ^""^'"^ mechanism is 

its arrangement so as J SmXXHf smis^?^^^^^^^^ '^'^""""^ "'"'^^^ '^^^ P'«"e 

relative to tte mask pattern A^so 'he Jpacino teLLi 1! '""^ '""''''^^ °' '""^ "'^'^s 
adjustable to conform moreTaLactoSv wL^ Pn ""^^ constructed so as to be 

constructing so that the Posltior^^rULs^nThH;^^^^^^^^ '^'^ "v 

can be varied by the adjustina mechanism » ^ J^. m ^P*"^' " "^"^ or the spacing between the windows 
the mask and the windows o, rhrSratLTfilJr S!. « ^^'^''^ 
common with other masks containing dTj^rLnt plttTr^s '^"'"'"^ *° ^P^««' 

elenlrsrhTaCiCs^Xc^LlX^^^ 17""°";.^ '"^^ '"''^'''^'^"'^ ^ «'-*-P«-' 

the posrtions and size of its J^^dS can bTef^S^ h'T'" ^"'"^^ "° adjustment of 
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I Brief Description of Drawings ] 

e'Sbodi:^ oTS^r^.":'"' °' ^" according to an 

rSb,^iLVcf fST ''''' the principle of the 

Ste^:,;?^^^^^^^^^ Within the i_ optica, 

<5 Ss LniT^'''' "l^ "'^'^ '^"^'"9 ^" ^^^"'P'^ °' 'l^^ -"ask pattern. ' 

Z: t^n'lZTZZsTj''^' the spatia. filter 

bL^s ax ZZZr^ZZTrjZT^^^^ "'^ '"'^"^"^ distributions of the diff^cted 
5b. respectively. ^ °' P™'^''*"'" "P^lcal system In correspondence to Figs. 5a and 

« a^cordinVto'a'Sn^^^^^^ ''^ ''''^^ -"^^-^t- of a Projection exposure apparatus 

- - dl^acted beams at the Pourier 
a1.^ofdiV.o?nrer^^^^^^^^ JaC^ '^'^ °' « exposure apparatus 

' ^^^thetSt^r^S IneTtrifc^rn'r '"''""^ '^^'^^'^'^ °' ^'"racted 
11 is a graph ^hov^ng^ Sr.u^XZr^o ^he ^^^^^^^ T^^f Pig. 9, 

present invention, ^ ine projectea image in the embodiment of the 

> °' P-i«^«^ "--Oe in the reference example 

r; Flg^rVVe^' rS^ai? example 
Rg^ U is a graph showing the light quantity distribution o, the proiected image In the reference example 

t Best Mode for Carrying Out the Invention ] 

In the Embodiment shown in Ra i a mask 11 Iq ir^r^^M . 
having a duty ratio of 0.5 as a typicS exempTa^ fini iat^^r^ AnT ' P^«em 12 

the mask 11 includes a mercury vaDor te3 L «L.t !^' ^^^^"^ illuminating 

element 4. an optical integratorVem'e t 5 a terB^SlT^f;!;!^ T"'' ' ^P^'^^ 
lens 10. and a spatial filter 6 Is arranaad At tho pV,..!? I i ^ system), a mirror 9 and a condenser 
in the Vicinity of the exit end oJSmeo aTor etemlT^r ^If "'"-"Inatlon optical system or 
mercury vapor lamp 1 is fomZlTn ItS h ^ T^^'^ secondary light source image of the 

co^ugate Se or^'VS ^ tetr^rsS t f ^^^Str °' " 

Fourrert;^SX^4^r:p^S^^^^^^ -'-r^ -d ISb is arranged at the 

wafer 17. Since a one-dimensional di^»^«« -, ^^ ^ ° projecting an image of the pattern 12 onto a 
embodiment, the sp^b JfZs 6 and T^ JT'^T'^" " P^««^" in the present 

15a and 15b so th« eacrtSr of 11^.1^ l!" °' transparent windows 6a and 6b or 

both Sides of me oprTe.TfZ oS '^,'^^^^ "T'^'^ P-"'°- - 

with the line pitch direction of th7arrna n?tf«Tit »^ ^ arrangement coincides optically 

spatical filters 6 and iH^e respStiS oroST " '"^^ arrangement thereof. Also, the 

motor, a cam. etc.. so «>atV:St«e'^^^^^^^^^^^ imposed of a 

mask pattern and the positions of the transoarent ZinZ^ T different ones depending on the 
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ransparent windows 6a. 6b and 15a, 15b of the spatial liHers 6 and 15 can be determined arbitrarily and 

iSn P °r '^"'"^ °' ^x^-^P's without any intention on miti'na 

ttiereto. Further, wh.le the spatial filters 6 and 15 are each composed of a light shielding platrioled w ith a 
pair of openings as transparent windows, the spatial filters 6 and 15 each L ™^T!? 

' I'lr^^H ^ ^ "^"'^ ^^^^^ - Chromic devTce'andt th^ caTaaS S Z 

N ustrated driving mechanisms 7 and 16 is composed of electric circuitry for casing a transparent Do^Jn 

J.' °' '"^"^'^ °' electLptical element ' 

With the exposure apparatus constructed as described above, the Illuminating light produced from th« 

r r. set ,r.; ~H 

past, since the spatial filter 6 is arranged on this side of the condenser lens 10 in thTs cVse only tie 

mask 11 at given oblique angles of incidence and symmetrically with the optical axis within ih« 

""S':'"".i°' "^r'"^ "^^"9*^ '-^ 8. *e mi ror 9 aS hrLdenseNenf ^0 

When the collimated beams are projected onto the pattern 12 of the mask 11 dSrarted Jeams of h« 
0-order. * f.rst-orders. ± second-orders and higherKJrders are produced from the ittem ll Here Tnri 
transparent windows ea and 6b of the spatial filter 6 arranged at the Four er SanZm pten^^^ 
Illuminating optical system determine the distances of the collimated light beams from m^ ontlJi 

o7fh:VomLTHrr^"* -"'^--^ -ens li determi^eVra?^^^^^^^^^^ 

Of the collimated light beams onto the pattern 12 of tho msQU n a ** . ^ Z mciaence 

re atiye to the pattern 12 of the mask 11 by the driving mechanisms 7 and 16 rlspS^ylfv 2, *at he 

above he condenser lens 10 for purposes of illustration, this posi«on is a conES Se to h^TSS 
effl^VthTcaLe rng"*^ ''''' '^"^ ' ""'^ -'-^-^^'V ^ -me LZSr; 

of ih'r ^' i t-'e numerical aperture of the projection optical system and X the wavelenoth 

of the Illuminating light, the pitch of the pattern 12 is selected to be 0 75 times X /TOA a^rf fhTn J! ^ 

q(u,v) = p(x,y) • exp{-2w i(ux + vy)/ \ }dxdy 

TlnTVnVfT 'I" ""''""^ ^^"'"^^"^ °' y-direction and varies regularly in the x-direction as 

q(u.v) = qi(u)x q2(v) 
therefore, the following hold 
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w 



20 



46 



60 



66 



qi (U)= 1, ^ _ Q 

q. (u)= 0.637, u = ± NA/ 0.75 

qi(u)= -0.212, u=±3 NA/ 0.75 



qi (u)= 0.637/ (2n-l)(-l) ♦ ' » , u = ± {2n-l) • NA/ 0.75 

q, (u)= 0, u is other than the 

foregoing 



15 and 



( V)= 1 , V = 0 

q2 (v)= 0, V ^ 0 



Rgs. 3 and 5a are respectively plan views of the spatiaJ fitter 6 for the illumination optical system and 
the spatial filter 15 for the projection optical system which are used in the present embodiment 

The spatial filters 6 and 15 are such that with the following showing the peak values of the Fourier 
25 transform energy distribution | q(u,v) p 

(u.v)= (0. 0), (± NA/ 0.75, 0).(± 3 NA/ 0.75, 0) 

and with the following showing 1/2 thereof 

30 

(u.v) = (0. 0), (± NA/ 1 .5, 0), (± 2 NA. 0)" 

the positions falling within the numerical aperture of the projection optical system 13 or the following 
35 (u,v)= (± NA/1,5, 0) 

or their nearby positions are selected to be the transparent windows 6a. 6b and 15a. 15b. respectively and 
the positions or the following are selected to be the light shielding portions. 

"to <u.v) = (0. 0) 

It is to be noted that the positions of the spatial filters 6 and 15 or the following are respectively 
adjusted by the driving mechanisms 7 and 16 of Rg. 1 so as to coincide with the optical axes of the 
Illumination optical system (1 to 10) and the projection optical system 13. respectively. Each of the spatial 
filters 6 and 15 may for example be composed of an opaque metal sheet which is selectively removed to 
form Its transparent windows or a transparent holding sheet coated with a thin film of metal or the like by 
patterning to form Its transparent windows. Also, while. In the embodiment shown in Rg. 1 the Illuminating 
light source comprises the mercury vapor lamp 1. it may be composed of any other light source such as a 
laser light source. Further, while, in this embodiment, the pattern 12 of the mask 11 comprises a line-and- 
space pattern varying only in the x-direction at a duty ratio of 1:1, the present invention is also applicable to 
other patterns varying in a plurality of arbitrary directions regulariy. 

In Rg. 2. as the result of the arrangement of the Illustrated spatial filter 6 at the Fourier transform plane 
of the pattern 12 within the illuminating optical system for the pattern 12 having the line pitch of 0 75X /NA. 
the Illuminating light Li for illuminating the pattern 12 is limitled for example to colliminated light beams Lit 
and Lir. When the illuminating beams Lit and Lir are projected onto the pattern 12, their diffracted beams 
are produced from the pattern 12. 

Assuming that the 0-order diffracted beam and the + first-order diffracted beam of the Illuminating beam 
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Lil are respectively represented as LtO and Lll and the 0-order diffracted beam and the -first-order 
diffracted beam of the illuminating beam Lir as LrO and Lr1, the deviation angles between the diffracted 
beams LIO and LH and between diffracted k>eams LrO and Lr1 are both given by the following 

5 

Sine = A. / (line pitch of pattern 12) 
= X X i 0.75 A, / NA ) 
JO = NA/ 0,75 

and since the incident beams Lit and Lir are initially apart by 2NA/1.5 from each other, at the Fourier 
transform plane of the projection optical system 13 the diffracted beams LIO and Lr1 pass through the 
same first optical path, whereas the diffracted beams LrO and Lil pass through the same second optical 
75 path. In this case, the first and second optical paths are symmetrically apart by the equal distance from the 
optical axis of the projection optical system 13. 

Fig. 6a shows schematically the intensity distribution of the diffracted beams at the Fourier transform 
plane 14 of the projection optical system 13. In Fig. 6a. a spot 221 formed at the Fourier transform plane 14 
is the result of the convergence of the diffracted beams LrO and Lll and similarly a spot 22r is one 
20 resulting from the convergence of the diffracted beams LIO and Lrl, 

As will be seen from Fig. 6a. in accordance with the present embodiment each combination of the 0- 
order diffracted beam and the + first-order or -first-order diffracted beam from the pattern 12 having a line 
pitch of 0.75 X /NA finer than X /NA can be condensed almost 100% on the wafer 17 through the projection 
optical system 13, so that even in the case of finer pattern than that pitch ( X /NA ) representing the limit to 
25 the resolution of the conventional exposure apparatus, the use of the spatial filters having the transparent 
windows of the dimensions corresponding to the line pitches of the mask patterns makes it possible to 
effect the exposure and transfer with sufficient resolutions. 

Referring now to Rg. 5b. there is illustrated a spatial filter which is used In the case of a mask pattern 
consisting of a line-and-space pattern crossing in the x and y directions. Also. Rg. 6b shows the conditions 
30 of the spots formed in correspondence to the diffracted "beams at the Fourier fa-ansform plane of the 
projection optical system in the case of Fig. 5b. 

Next, the resolution of the pattern on the substrate 17 in the exposure apparatus of the present 
embodiment will be described in comparison with exposure apparatus according to various reference 
examples. 

35 

= In the case of reference examples = 

Figs. 7 and 8 respectively show schematically tiie optical path construction of the illuminating light (Fig. 
7) and the light quantity distribution at the Fourier transform plane of the projection optical system (Rg. 8) in 

40 the projection exposure apparatus shown in the previously mentioned Japanese Laid-open Patent Applica- 
tion No.2-50417 cited as a reference example. It is to be noted that in the Rgures the components which 
are the same In operation and function as in the apparatus according to the above-mentioned embodiment 
of the present Invention are designated by the same reference numerals as In Rg. 2. 

In Rg. 7. an aperture stop 6A (a spatial filter having a circular transparent window formed concentrically 

45 with the optical axis) is arranged at the Fourier transform plane of the illumination optical system thereby 
limiting the angle of incidence of the illuminating light on the mask 11. The 0-order diffracted beam (the 
solid lines) and the ± first-order diffracted beams (the broken lines) produced from the pattern 12 of the 
mask 11 are both entered Into the projection optical system 13 and proceed along separate optical paths so 
that a spot 201 of the + first-order diffracted beam, a spot 20c of the 0-order diffi;acted beam and a spot 20r 

60 of the -first-order diffracted beam are formed at separate positions apart from one another in the Fourier 
transfonm plane 14 as shown in Fig. 8. 

Also, Figs. 9 and 10 respectively show schematically the optical path construction of the illuminating 
light (Fig. 9) and the light quantity distribution at the Fourier transform plane of the projection optical system 
(Fig. 10) In a projection exposure apparatus cited as another reference example. In this another reference 

65 example, die aperture stop 6A of Rg. 7 is replaced with a spatial filter 6B formed with an annular 
transparent window which is concentric with the optical axis. 

In Rg. 9, provided at the Fourier transform plane of the illumination optical system is the spatial filter 6B 
having the annular transparent window formed concentrically with the optical axis so that the illuminating 
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light is obliquely projected or in an inverse conical fornr> onto the mask 11. As a result, at least within the 
plane traversing the optical axis in the line pitch direction of the pattern 12, as in the case of the 
embodiment of the present invention shown in Fig. 2, the 0-order diffracted beam (the solid lines) is 
obliquely entered like the first-order diffracted beams (the broken lines) into the projection optical system so 

5 that they pass through the projection optical system while partly overlapping the separate first-order 
diffracted beams entering from the opposite sides and the reach up to the wafer 17, thereby forming a 
projected image. At this time, a doughnut shaped spot 21c of the 0-order diffracted beam which is 
concentric with the optical axis as well as a spot 211 of the + first-order diffracted beam and a spot 21 r of 
the -first-order diffracted beam which are adjacent to and partly overlapping the spot 21c are formed in the 

10 Fourier transform plane 14 of the projection optical system 13 as shown in Fig. 10. In this case, the large 
parts of the spots 21X and 21 r extend to the outside of the projection optical system 13 and the beams of 
these externally extended portions are eclipsed by the lens barrel of the projection optical system. 

= In the case of the embodiment of the present invention = 

Rgs. 11 to 14 are diagrams showing the distributions of the light intensities I of the projected images on 
the wafer 17 in the embodiment of the present invention shown in Fig. 2 in comparison with the cases of 
Figs. 7 and 9. These light intensities are in conformity with the results obtained by calculation with respect 
to within the plane traversing the optical axis in the line pitch direction of the pattern 12 on the substrate 

20 with the NA of the projection optical system being selected 0.5, the wavelength X of the illuminating light 
selected 0.365W m and the pattern line pitch of the mask pattern 12 selected 0.5u m (about 0.685x X /NA) 
in terms of the value on the wafer 17 obtained from the magnification of the projection optical system 13. 

Rg. 11 shows the light intensity distribution of the projected image formed on the substrate by the 
exposure apparatus according to the previously mentioned embodiment (Fig. 2) of the present invention and 

25 it will be seen that this intensity distribution has a sufficient light-and-dark contrast of the edges of the 
pattern. 

Fig. 12 shows the light intensity distribution of the projected image on the substrate in the case where 
the diameter of the aperture stop 6A is relatively small and the ratio of the numerical aperture of the 
illumination optical system to the numerical aperture of the projection optical system or the so-called a 

30 value is selected 0.5 in the reference example of Fig. 7. In this case, it will be seen that since the ratio (a 
value) of the numerical aperture of the illumination optical system to the numerical aperture of the projection 
optical system is selected 0.5, the projected image has a flat light intensity distribution without practically 
any light-and-dark contrast. 

Fig. 13 shows the light Intensity distribution of the projected image in the case where the opening of the 

35 aperture stop BA Is relatively large and the ratio of the numerical aperture of the illumination optical system 
to the numerical aperture of the projection optical system or the so-called o value is selected 0,9 in the 
reference example of Fig. 7. In this case, it will be seen that while the light-and-dark contrast of the 
projected image Is greater than in the case of Fig. 12 due to the fact that the ratio ( a value ) of the 
numerical aperture of the illumination optical system to the numerical aperture of the projection optical 

40 system Is selected 0.9, the light intensity distribution is still relatively large in 0-order diffracted beam 
component and comparatively flat and thus it is unsatisfactory from the standpoint of the light-response 
characteristic of the resist. 

Rg, 14 shows the light Intensity distribution of the projected image on the substrate in the case of the 
reference example of Fig. 9 and In this case the Inner and outer edges of the annular transparent window of 

45 the spatial filter 6B respectively correspond to 0.7 and 0.9 In temns of the a value. \/Vhile this projected 
image is stronger in light-and-dark contrast than In the case of Fig. 12. the light intensity distribution is still 
relatively large in 0-order diffracted beam component and comparatively flat and thus it is still Insufficient 
from the standpoint of the light-response characteristic of the resist. 

As will be seen from Figs. 11 to 14, in accordance with the embodiment of the present invention shown 

60 in Fig. 2 the substantial resolution of the projected image on the substrate is greatly improved as compared 
with the cases of Rgs. 7 and 9. 

Then, in the case of Fig. 9. if a spatial fitter of the same type as the spatial filter 15 used in the 
previously mentioned embodiment Is similariy arranged at the Fourier transform plane of the projection 
optical system 13, the diffracted beams of the 0-order and ± first-orders can be selectively condensed at 

65 the portions indicated by the cross hatching in Fig. 10 so as to slightly improve the resolution of the 
projected image on the wafer 17 as compared with the case of Fig. 14. In this case, however, there is the 
unavoidable disadvantage that the utilization rate of the illuminating light incident on the projection optical 
system is decreased greatly and the energy component not contributing to the exposure is accumulated 
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within the projection optical system thereby changing its optical characteristics. In the embodiment of Fig. 2 
according to the present invention, practically all the energy of the illuminating light incident on the 
projection optical system contributes to the exposure. 

Then, even in the past, there has been known the technique of positively utilizing the diffracted beams 

5 from a mask pattern to improve the resolution of the projection optical system and this technique is such 
that dielectric members for reversing the phase of the illuminating light, i.e., the so-called phase shifters are 
arranged alternately with the transparent portions of the pattern. However, actually it is extremely difficult ot 
properly provide such phase shifters on a complicate semiconductor circuit pattern and no inspection 
method for phase shifted photomasks has been established as yet. 

10 With the embodiment of Fig. 2 according to the present invention, while its effect of improving the 
resolution of the projected image is comparable to that of the phase shifters, it is possible to use a 
conventional photomask without phase shifters as such and it is possible to follow the conventional 
photomask inspection techniques as such. 

Also, white the use of the phase shifters has the effect of increasing in effect the focus depth of the 

15 projection optical system, even in the embodiment of Rg. 2, as shown in Rg. 6a, the spots 221 and 22r at 
the Fourier transform plane 14 are in the equidistant positions from the center of the pupil so that they are 
less susceptible to the effect of the front wave aberrations due to the defocusing as mentioned previously 
and a large focus depth is obtained. 

While, in the above-described embodiment, the mask pattern comprises by way of example a line-and- 

20 space pattern which varies regularly in the x-direction, the foregoing effect can be fully attained on the 
ordinary patterns other than the line-and-space pattern by combining proper spatial filters in the respective 
cases. Then, while the number of the windows in the spatial filer is two when the mask pattern has a one- 
dimensional variation which varies only In the x-direction, in the case of a pattern having a plurality of n 
dimensional variations, the number of the required transpared windows is 2n in accordance with the spatial 

25 frequency of the pattern. For instance, in the case of a diffraction grating pattern having a two-dimensional 
variation in the x and y directions, for example, as shown in Rg. 5b, it is necessary to form two pairs or total 
of four transpa7ent windows arranged on the cross in the spatial filter so that the four corresponding 
diffracted beam spots are formed at the Fourier transform plane of the projection optical system as shown 
in Rg. 6b. 

30 Also, while, in the above-described embodiment, the light shielding portion of each spatial filter is 
considered as one which does not transmit the illuminating light at all for purposes of simplifying the 
description, this portion may be constructed as a light attenuating portion having a certain predetermined 
degree of light transmittance so that In this case, only the contrast of a projected Image of any specified 
fine pattern can be selectively improved during the exposure by the front beam cross-section of the 

35 illuminating light as in the past. 

Further, while the description of the embodiment has been made with particular emphasis on the spatial 
filter within the illumination optical system, it can be considered that the spatial fitter within the projection 
optical system is basically the same in function and effect. In other words, the same effect can be obtained 
by arranging a spatial filter satisfying the above-mentioned conditions at least at one of substantially the 

40 Fourier transform plane of the illumination optical system and substantially the Fourier transform plane of 
the projection optical system. Also, as for example, it is possible to arrange a spatial filter such as shown in 
Rg. 3 at the Fourier transform plane of the illumination optical system and a spatial filter having an annular 
transparent window at the Fourier transform plane of the projection optical system. In this case, it is 
needless to say that with the latter spatial filter having the annular transparent window, the annular 

45 transparent window must be arranged in such a manner that both of the 0-order diffracted beam and the 
+ first-order (or the -first-order) diffracted beam from the mask pattern are passed together through it. 
Further, by using the two spatial filters in combination, there is the effect of cutting off the diffused reflection 
from the projection optical system or the wafer and preventing the stray light rays. 

Still further, while, in the above-described embodiment, the description is mainly directed to the case 

60 where the spatial filters (6, 15) are mechanically changed in dependence on the mask pattern, if. for 
example, a spatial filter comprising a liquid crystal device, an EC (electro chromic) device or the like is 
used, there are advantages that not only the use of any mechanical filter changing mechanism is eliminated 
but also the adjustment and change of the positions of transparent windows is attained by means of electric 
circuitry, that the apparatus is made more compact in size and that the adjustment and change of the size. 

65 shape and position of transparent windows can be effected easily and at high speeds. 

The embodiments descnt>ed herein are for the purpose of illustration without any intention of limitation 
and the technical scope of the present invention is intended to be limited in accordance with the statement 
of the appended claims. 
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Claims 

1. In an exposure method for transferring a fine pattern on a mask onto a substrate by use of a projection 
exposure apparatus including an illumination optical system for irradiating an illuminating light on the 

5 mask and a projection optical system for projecting an image of the fine pattern on the illuminated 

mask onto the substrate, the improvement wherein: 

said illuminating light is obliquely irradiated on said mask in such a manner that either one of t 
first-order diffracted beams and a 0-order diffracted beam produced from the fine pattem on said 
illuminated mask are resp>ectively passed apart by an equal distance from an optical axis of said 
10 projection optical system at or in the vicinity of the Fourier transform plane within said projection optical 

system with respect to the fine pattern on said mask. 

2. An exposure method according to claim 1, wherein the other beams than either of said ± first-order 
diffracted beams and said 0-order diffracted beam are prevented from reaching said substrate. 

3. An exposure apparatus comprising: 
an Illumination optical system for irradiating an illuminating light on a mask, 

a projection optical system for projecting an image of a fine pattern on said illuminated mask onto a 
substrate, and 

spatial filter means arranged at least at one of the Fourier transform plane within said illumination 
optical system and the Fourier transform plane within said projection optical system with respect to the 
fine pattem on said mask or a position near thereto, said spatial filter means including at least a pair of 
window means respectively defined by separate limited areas to have a comparatively high light 
transmittance than the surrounding thereof and arranged at positions apart from an optical axis of said 
illumination optical system or said projection optical system within which said spatial filter is arranged. 

4. An exposure apparatus according to claim 3, wherein said spatial filter means includes two window 
means forming a symmetrical pair with the optical axis of said illumination optical system or said 
projection optical system in which said spatial filter is arranged. 

30 

5. An exposure apparatus according to claim 3. wherein said spatial filter means includes 2n window 
means (where n is a natural number). 

6. An exposure apparatus according to claim 3, wherein said spatial filter means includes said window 
35 means at each of a plurarilty of positions determined in accordance with a Fourier transform pattern of 

said fine pattern. 

7. An exposure apparatus according to claim 3, wherein said illumination optical system comprises an 
optical integrator including fly-eye lenses or the like, and wherein said spatial filter means is arranged 

40 at a position near to an exit end of said optical integrator. 

8. An exposure apparatus according to claim 3, wherein the other portion of said spatial filter means than 
said window means is formed into a light shielding portion. 

45 9. An exposure apparatus according to claim 3. wherein the other portion of said spatial filter means than 
said window means is formed into a light attenuating portion. 

10. An exposure apparatus according to claim 3, wherein said spatial filter means is arranged within said 
illumination optical system, and wherein the position of each of said window means is selected such 
50 that either one of ± first-order diffracted beams and a 0-order diffracted beam produced from said fine 
pattern are separately passed apart by substantially an equal distance from the optical axis of said 
projection optical system at the Fourier transform plane within said projection optical system with 
respect to the fine pattern on said mask. 

55 11. An exposure apparatus according to claim 4. wherein said spatial filter means is arranged within said 
illumination optical system, and wherein said pair comprises first window means and second window 
means optical-axially symmetric with said first window means, said first and second window means 
being positioned such that either one of ± first-order diffracted beams and a 0-order diffracted beam 
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^produced from said fine pattern by the irradiation of a beam of said illuminating light reaching said 
mask through said first window means and either one of ± first-order diffracted beams and a 0-order 
diffracted beam produced from said fine pattern by the irradiation of another beam of said illuminating 
light reaching said mask through said second window means are alternatively passed through separate 

5 first and second optical paths which are respectively apart by substantially the same distance from the 

optical axis of said projection optical system at the Fourier transform plane of said projection optical 
system, that is, either one of the ± first-order diffracted beams produced by said illuminating light 
through said first window means and the 0-order diffracted beam produced by said illuminating light 
through said second window means are passed through said first optical path, and either one of the ± 

w first-order diffracted beams produced by said illuminating light through said second window means and 
the 0-order diffracted beam produced by said illuminating light through said first window means are 
passed through said second optical path. 

12. An exposure apparatus according to claim 3. further comprising drive means to vary for adjusting or 
75 changing purposes at least one of the angular positions about said optical axis and the distances apart 

from said optical axis of said window means in accordance with the fine pattern on said mask. 

13. An exposure apparatus according to claim 12, wherein said spatial filter means comprises a light 
shielding or light attenuating plate element having at least a pair of window means, and wherein said 

20 drive means includes a mechanism for replacing said plate element with another plate element having 
window means at relatively different positions. 

14. An exposure apparatus according to claim 12, wherein said spatial means comprises an electrooptical 
element whereby limited areas in at least a pair of arbitrary positions are respectively made transparent 

25 and opaque, and wherein said drive means includes electric circuit means for driving said electrooptical 

element to make said limited areas transparent and opaque, respectively. 

15. An exposure apparatus for projecting a fine pattern on a mask onto a substrate, said apparatus 
cornprising: 

30 an illumination optical system for irradiating an illuminating light on a mask. 

a projection optical system for projecting an image of a fine pattern on said illuminated mask onto a 
substrate, and 

optical limiting means for limiting the light intensity distribution of said illuminating light at the 
Fourier transform plane within said illumination optical system with respect to the fine pattern on said 
35 mask or a position near thereto such that said light intensity becomes maximum in each of at least two 

locations apart from the optical axis of said illumination optical system, 

whereby the centers of said locations are separated from each other by a spacing selected in 
accordance with the fineness of the fine pattem on said mask. 

40 16. An exposure apparatus according to claim 15, wherein said illumination optical system includes an 
optical element whereby the illuminating light beams from said two locations provided by said optical 
limiting means are substantially symmetrically inclined on said mask. 

17. An exposure apparatus for projecting a fine pattern on a mask onto a substrate, said apparatus 
45 comprising: 

an illumination optical system for producing an illuminating light for illuminating a mask, 
an optical element for inclining said illuminating light on said mask, and 

a projection optical system having an optical axis substantially perpendicular to said mask for 
projecting an image of the fine pattem on said mask onto a substrate by light beams produced from 
50 said mask by said inclined illuminating light, 

whereby either one of ± first-order diffracted beams and a 0-order diffracted beam produced from 
the tine pattern on said mask by each said light beam are respectively projected onto said projection 
optical system at substantially symmetrical angles of inclination with respect to a line substantially 
perpendicular to said mask. 

65 

18. An exposure apparatus according to claim 17, wherein said illumination optical system includes an 
optical element whereby the illuminating light beams provided from said two locations by said optical 
limiting means are substantially symmetrically Inclined on said mask. 
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FIG. 2 FIG.4 
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FIG. 6a FIG. 5a 
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FIG. 7 FIG. 9 




FIG. 8 FIG. 10 
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